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By W i l l i a m  Koven and Robert R. Graham 

S U M M A R Y  

Results  are  presented of an investigation in the Langley 19-foot 
pressure tunnel of the  longitudlnal  characterist ics of a semispan mode1 
wing having 370 eweepback of the  leading edge, an aepect r a t i o  of 6,  
and NACA 641-212 a i r f o l l  section  perpendicular  to the 27-percent-chord 
line. Several " p e e  of 6 t a ~ - C O ~ ~ r 0 l  devices  including  extensible 
round-nose leading-edge flaps,  a leading-edge slat, asd a drooped 
leading edge were  investigated; partial- and full-span trailing-edge 
split and double slotted f laps  w e r e  also  tes ted.  In  addition, various 
conibinatians of the aforementioned  leading- and trailing-edge  flaps 
were investigated. The tests cove d a range of Remolds nunibera 
between 200 x 106 and 9.35 x &?. 

The wing with or without  trailing-edge split o r  double a lo t t ed  
flap was.longitudlnally  unstable near maximum l i f t  due t o  t i p   . s t a l l i n g .  
The addition of an outboard half-span leadlng-edge f l a p  or  a leading- 
edge slat t o  the p la in  wing o r  wing wf t h  inboard half-spas s p l i t   f l a p s  
eliminated  t ip etalling and resulted in  stable moment. variations at 
the stall. The drooped leading edge, on the other hand, wa8 only 
effective when used In conjunction with an upper-surface fer&. 

The combination of a,n outboard  leading-edge  device and inboard 
half-span double s lot ted  f lap  resul ted in  an undesirable loop in the 
pitching-moment  curve near maximum lift i n s p i t e  of an inboard stall. 
The loop is a t t r ibu ted  t o  the  sect ion  chamcter is t ics  of the double 
s lo t ted   f lap .  Air-flow  surveys behfnd the wing fndicated that a 
suitably  placed  horizontal t a i l  would  eliminate the loop in the moment 
curve. 

For cordbinations with  spl i t   f laps ,  upper Etnd lower limits exist 
for the &pan of the  leading-edge  device between which s t a b i l i t y  a t  the 
e t a 1 1  can be obtained; a c r i t i c a l  span of the leading-edge  device was 
found, however, below which reductions in maximum lift resulted. 
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The m x h u m  l i f t  coefficient of the p l a i n  w h g  was about 1.27. 
Majtimum lift coefficients of  about 1.5 and 2.0 mre obtained  for 
combinations  of an outboard half-span leading-edge device with inboard 
half-span  eplit and double slotted  f laps,   respectively.  The highest 
wimum l i f t  coefficlente were obtained  with drooped leading edge 
plue  fence conibinationa with trailing-edge f laps.  An increase i n  
trailing-edge f l ap  span from half' t o  fUl upan did not produce appreciable 
increases i n  mximum lift when the accompanying changes in  t r i m  w e r e  
taken into  account. 

I N T R O D U C T I O N  

Numerous investigations have been  devoted t o  a study of the low- 
speed longitudinal  characterietics of swept wings. (For examgle, 888 
references 1 t o  3 . )  AB indicated by these studies, two of the major 
diff icul t ies   associated with sweptback winge are low values of m~ucimum 
l f f t  coefficient compared with unswept wing and i n s t a b i l i t r  at  the 
stan t o   t i p  s t a l l i n g .  

As far as maximum l i f t  is concerned, the  available data are conf'ined 
mi- t o  investigation8 of plain wings and wings ui th  s p l i t  flaps. 
Even with sp l i t   f l aps ,   the  mEbximum l i f t  coefficients have bean relatively 
low and it i s  indicated that investigation of additiQnal high-lift devices 
such as a double s lot ted f l a p  would be desirable. 

One method of eliminating t i p   s t a l l i n g  which has been  used EUC- 
cessfully  (reference 4) involves  the use of a leading-edge  device located 
on the outboard  sectiona of  the wing span. Several  types of ba&Lng-ed@ 
devices have been t r ied ,  that is, extensible round-nose leading-edge 
flap,  leading-edge slat, asd 80 forth; but no d i rec t  comparison t o  assist 
in the  selection of  the most satisfactory  device has been m e .  

With the above considerations in mind, an investigation has been 
conducted ih the zangley  19-foot pressure tunnel on a wing having 3 7 O  
meepback of the leading edge and an aspect  ratio 6. It should be 
pointed  out that the wing plan-farm variables were such that, according 
to   the   s tab i l i ty  boundary presented in  reference I, t i p   s t a l l i n g  and 
ins tab i l i ty  a t  the stall would be emected. I n  addi t ion  to  the baeic 
wing characterist ics at high Reynolds number, the  inveetigation W&E 
concerned mainly with (a) the  effectiveness of double s lot ted  f laps  
and split f l a p ,  (1). whether a leading-edge  device would eliminate t i p  
e t a l l  an the mrticular plan form used,  (c)  the  determination of the 
relative  merits of several  types of leading-edge  devices, and (a)  the 
Illagnitude of maximum lift ooefficients and the  type' of stall associated 
wfth various  combinatlons of leading- Ebnd trailing-edge  devlces. 

I .  
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The semispan reflection-plane m c d e l  w a s  equipped with  three types 
of leading-edge or  stall-control  devices, name@, a round-nose extensible 
leading-edge flap,  a leading-edge e la t ,  and a drooped leading edge. In 

double s lo t ted  f3aps. A a d i t i o n a l  devicee,  such as a fence a d  outboard 
pitch  f laps,  w e r e  ale0 investigated. The model configurations were 
tes ted alone and i n  conibination through a large angle-&-attack range 

dmg, and pitching-mmnt data  and stall etudfea are given f o r  some of 
the more important  configurations. 

addition, the Wing w&8 provided  with partial- and fUll-8- s p l i t  and 

' at  R e p o l a s  numbers varying f r o m  2.00 X 106 t o  9.35 X 106. L i f t ,  

C O E F F I C I E B T S  A N D  S Y M B O L S  

The data are referred t o  the wind axes wilth the  origin at the 
quarter chord of the man aerodynamic  chord. The data have been 
reduced t o  standard EACA nondimenaional coefficiepts which are defined 
as follows : 

CL 

R 

M, 

a 

E 

c 1  L 

l i f t  coefficient ($1, 
maximum l i f t  coefficient 

stream Wch Iuzmber 

angle of a t tack of root chopd line, degrees 

angle of at tack at  C h  

downwash -le, degrees 

ver t ica l  distance above 

lift 

chord glane extended 
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drag 

pitching moment about 0.258 

wing area .. . 

local wing chord parallel t o  plane of symmetry 

coordihate 

coordinate af centroid of Lift 

pressure at t a f l  

free-stream velocity 

coefficient of viscosity 

density of a i r  

f lap  def lect ion 

Subscripts : 

TL nose 

a - ai leron 
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The  model used in the  investigation was a 0emiapan wing mounted on 
a ref lect ion plane and single strut a0 shown in figure 1. It WELS of 
steel construction and had an aspect   ra t io  of 6 ,  a taper r a t i o  of 0.50, 
and 370 sweepback of the  leading edge. The airfoil  section  perpendicular 
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to   the 27-percent-chord l ine  the NACA 641-212 prof i le .  The general 
plan  form and some of the principal dimensions of the model are given in 
figure  2(a).  

Details  of the geometrg of the  various  stall-control devices are 
shown i n  figures 2 (b) t o  2 (a) . The drooped leading edge (which could  be 
deflected t o  three positione) Etnd the leading-edge slat covered half 

the wing semispan extending f r o m  0.451 t o  0.95;. The round-nose extensible 
2 

leading-edge flap, on the  other hand, W&E constructed s o  that several 
f3ap spans could be investigated at  one deflection. The leaang-edge 
f lap  w a s  of constant chord,  whereas both  the b l a t  and the drooped leading 
edge were of canstant percent chord. 

The model was so constructed that when the leading edge was drooged, 
the slat was in  the  retracted  position. Thus, slight discontinuities in  
contour  existed a t  0.1h-c and 0 . 0 2 ~  of the upper  and  lower surfaces of 
the wing, respectively, f o r  the drooped leading-edge  configurations. 
No such discontinuities w e r e  present, however, on configurations  without 
stall-control devices o r  configurations with h u n g - e d g e  flag w h e r e  a 
different  leading edge was used. 

The stall-control  fence is ahown in   f igures  2(e) and 2(f) b The 
fence was located at 0 . p B ,  had a constant  height of 0.60 ths  maximum 
t h l c h s s  of the wing at tha t  spanwise location, and extended over the 
chord as indicated on the figure. 

2 

The model was equipped with two types of  trailing-edge f laps ,  

f u l l  span. The design parasletera f o r  the double s ld t ted   f lap  were 
chosen on the basis of two-dimensional wid-tunnel data given in 
reference 5 .  A schematic drawing showing the design de ta i l s  of these 
f laps  i s  presented in figures 2(g) esd 2(h).  

-Is, s p l i t  and double slotted,  both of which could be t es ted  half and 

Photograshs of the model and reflection plane mounted in the tunnel 
and of the  various  stall-control  devices  installed on the model are 
presented as figure 3. 

For model cmfigumtions  with  leading-edge roughness, No. 60 
' (0 .Oll-inch  diameter)  carborundm  particles were amlied by means of 
a thin  coat of shel lac   to   the forward 8- and 2-percent of the wing 
upper and lower surfaces,  respectively. Roughness f o r  the slat-extended 
conffguration was applied  in  the aame manner t o  the leadfng edge of the 
slat and t o  the  leading edge of the  inboard  sections of the wing. 
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Test6 =de in the Iang1e;Y 19-fWt pre6SUI% tUnnel with  the 
air compressed  to  approximately 33 pounds per square inch. In order 
to  cover as wide a range of Reynolde nmbers as possible, several 
tests were made at atmospheric pmseure. The Reynolds numbers and 
their  corresponding  Mach nmbe.re obtained in thie  lnveetigation  are 
as follms: 

R 

2.00 x lo6 
3 .oo 
4.36 
5 030 
6 .&I 
8.10 
9 *35 i M, 

0.08 
.I2 
.08 
.10 
9 13 
15 
.18 

Lift, drag, and  pitching  moment were measured through an angle- 
of-attack raqge extending w e l l  beyond ms;Ximum Lift. In addition,  etall 
studies  of aome of the  more  interesting  configurations were made by 
visual  observation and. from  motion-picture records of the  behavior OF 
wool tufte  attached  to  the  upper  surfaoe  of  the wing. The majority 
of  the  tests and the stall studies w e r e  conducted at a R e y n o l d s  Tlumber 
of about 6,800,000. Downwash and dynamfc-pre~sure  surveys mre made 
behind  the wing for the  slat and half-span double-dotted-flap 
conf'i gura tion. 

C O R R E C T I O N S  T O  D A T A  

The  lift, drag, and pitching-moment  data  presented  herein  have 
been comcted for  air-stream  miaalinement  but have not been corrected 
for support tare and interference  effects.  Previous  experience on 
complete model6 indicates  that  corrections for  the  effects of the  tare 
and interference  caused by the mdel supports consist  of (a) a conetant 
shlft in the  pitching-moment  curve  (about -0.008), (b) a a l ight  increaee 
in lift-curve slope (about 0.0008), and (c) a decrease in drag in the 
low lift range. 

Jet-boundary  corrections  obtained by conibining  the  methods  of 
referbnces 6 and 7 were -de to  the  angle of attack and to  the drag 
coefficient and are  as follows: 

' I  

' .  



The correction  to the pitching-moment  coefficient caused by  the tunnel- 
induced  distortion  of the loading is 

All corrections were added  to  the data. 

R E S U L T S  A N D  D I S C U S S I O N  

. 

The results  of  the inmetigation of the  plain wing and w h g  with 
trailing-edge  flaps  are  presented in figures 4 to 7. Ffgures 8 to 1.2 
ahow the  effect of leading-edge  devicee, Etnd figures 13 to 22 ahow the 
effect  of  various  combinations  of  leading-edge Etnd trailing-edge devices. 
Several additional  tests were  made to  determine  the  effect  of  varying 
the  leading7edge  flap span; only  the maximum llft and pitching-moment 
characteristics  of these configurations are presented  (fig. 16). The 
spanwise  location  of  the  centroid of  lift is presented for several 
configurations in figure 23. A summa- of the more  important  results 
of the  investigation is presented as table I. 

Lift  Characteristics 

The data for the plain wing and wing  with  split  and  doulle  slotted 
fhps are  presented in figures 4 to 7. The Uft curves for all cditiona 
were  relatively  linear  up  to maximum lift  except for a slight rounding 
at  high angles of attack. In all cases the maximum lift  coefficient 
and angle of attack  at mEtximm lift were very w e l l  defined  indicating 
a 'rather  sudden breakdm of  the f l o w  at the  critical angle.  

Lift-curve slope.- The lift-curve slope was calculated  from two- 
dimensional data using the  method  suggested in reference 8 where  the 
aepect  ratio  is based on the  true  Length  of  the  quarter-chord Une. 
The lift-curve slope was also obtained from the charts  of  reference 9 
which  assume a section  lift-curve slope of 2s. The two  methoda 
predicted  values of lift-curve slope of 0.071.d 0.066, respectiveu, 
as compared with the value of 0 .O7O obtained elcperimentallg. 

Effect  of f l a p  deflection. - Increments in lift  at  zero angle of 
f *  * attack ELnd at &mum lif t  are presented in figure 5 as a function of 

flap epan. The data for the half- and *full-span. f laps were taken from 
figure 4; in order  to obtain more  complete  data on the effects of flap t.. 
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qan, some a;ldltIonal t e s t s  on intermediate s p l i t - f k p  spans were made. 
Only the .l if t  increments f o r  the supplementary t e s t s  are presented. 

An attempt-was made t o  estimate the incrementa in lift at  zero 
angle of at tack from two-dimensional d a t a  u t i l i z ing  a method f o r  -wept 
H n g s  outlined i n  reference 10. The equation wae modified and sweep 
taken into account as follows: 

3 fac tor  depending on aspect  ratio, taper ra t io ,  and f lap  span 
(reference 10) 

Ac two-dimensional l i f t  increment 

%a* 
calculated  l if t-cume slope of the m p t  wing 

A angle of sweep of quarter-chord line 

It is believed that the form of the revised equatirm. repreeenta  the 
first- order  effects 07 sweepback. The calculated  curves  ’are  given in 
figure 5 a8 the dashed lines. 

Considering the split-flap  configurations, it can be aeen that the 
effect  of inb,oard spans up t o  0.51 was ca.lculated  wlth  reasonable 
accuracy. For span8 greater than 0.3% on the other hand, the theorg. 
greatly overestimted  the  contribution of the f lap.  N o  such noticeable 

. departure fmm theory bas been obtained an -wept whgs; t h i s  abnormal 
l o sa  of outbcard flap  effectivenese be typical  of s p l i t  f l a p  on 
sweptback w i w s  . 

2 
2’- 

The data for  the  double-slotted-flap  configurations  are  consfdembly 
different  f r o m  those for the s p l i t  f lap .  The double s lot ted  f lap 
produced larger . i n c ~ m e n t s  i.n l i f t  throughout the flag-span range than 
the theory predicted, and the outboard span did  not lose its effectivenees 
beyond what might be expected from the simplified  theorg. 

The reason f o r  thlfl difference between the   sp l i t  and double s lo t t ed  
flap is not  apparent.  -The  effects of sweepback on the variation with 
f lap  span of the increment in l i f t  due. to  f lap  deflection  appear to be 
dependent on the type of f l a p .  under consideration. 

Figure 5 also shows that the incremente i n  lif’t at mgimum lift are 
considerably less than at  zero angle of attack. The magnitude of this 
ef fec t ,  however, appears t o  be of the sanw o a r - a e  on unswept w i n g s  of 
simihr a i r f o i l  section. (See reference 11.) 

L 

. .. 
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Maximum lift.- A s  far as the maxim lifts are concerned, they  canbest 
be summarized in the following  table. The values of cLm,x listed below 
are untrimmed values: 

Pitching-Moment Characteristfcs 

Except f o r  t he  full-span d o u b k s l o t t d - f h p  condition, the pitching- 
moment curves were fairly linear, and f o r  the most part, parallel t o  one 
another  (fig. 4) . I n  a l l  c a m s  the moment at t h e   a t a l l  broke In an 
unstable direction, that is, in a noee-up dfrectian. 

The t r i m  changes brought  about as a r e su l t  of f l a p  def lect ion  are  cf 
special   in terest .  A comparison of the data from figure 4 with similar 
data from reference 11 &ma that the full-epan split and double e lot ted 
f l a p s  produced changes in  t r i m  which were of the sazne maeplitude as on an 
unswept  wing with approximately the same a i r fo i l   s ec t ion .  The senispan 
flaps, however, prduced  considerably smaller t r f m  changes than was noted 
on the unswept w i n g .  The Plalf-span sp l i t   f l aps  caused pract ical ly  no 
change in  t r i m ,  and the half-epan double s lo t ted  flapa effected less 
change than the full-span s p l i t  flaps. (See f i g .  4(b) .) The smaller 
trfm changes associated with  the half-span flap are a resu l t  of the 
increased l i f t  over. the inboard portions of the wing ahead of ths 
0.23 point. 

The changes in trim would require a balancing down load at  the t a i l  
which would reduce the available l i f t .  For example, assuming a tail 
length of 2.OE and a center-of  -gravity  location of 0.256, the a v a i l a b l e  
lift a t  0 . 8 5 C h  w i l l  be reducsd as indicated- in  the f oUmwhg 
table : 
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Flap - 
NOIlC3 

0.5$ split 

0.5i double 
2 

2 
1 .ot s p l i t  

1.0: double 

t 
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o -85% 0 .%(trim) 

1.08 

f .66 1 *97 

1.29 1.40 

1.54 1.63' 

1.28 1.32 

1.05 

It appears that l i t t l e  gain in  th usable maximum lift coefficient 
is obtained fmm an increase i n  flag span from half t o  fuli span. 

DPag Characteristics 

Referring t o   t h e  drag polars (fig. 4) , it can be seen that, in 
mneml, the effects of the flaps a,re similar t o  those on unerwept wings; 
that is, f o r  a given lift coefficient  the ha39-span =lit f l ap  had 
l m r  drag than the ~ a m e  span  double s lo t ted   f lap ,  and the full-span 
s p l i t   f l a p  had higher drag than the -1-span double s lot ted f l ap .  

The etall ing character is t ice   for  the plain w i n g  and half-span 
t r a i l i n g - e d g e   f l a p   c o r x f i ~ t i o n e  are presented In figure 6. For a l l  
configurntiom the stall occurred rather suddenly, encompassing the 
entire  outer half of- the wing semiepan. Prior t o  the stall a marked 
outflow along the wing t r a i l i n g  edge wae observed. T h i s  cross flow 
was moet sevem for   the  plain wing and reeulted in a.region of rough, but 
not stalled, flow at the trailiq edge of the tip seotions. This 
apparently reduced the lift effectiveness of the  outboard  eectione  because, 
upon examination of the Bitching-momnt an& lift curves, it can be men 
that a noticeable nosing-up  tendency and rounding  of the l i f t  curve 
oocurred  concurrently with the rough flow. Sidlar but less severe 
conditions prevailed wlth double slotted flaps but did not  occur with 
sp l i t   f l aps .  

Scale and Roughness Effect 

The ef fec ts  of a fairly wide variation in  Reynolds nuxfiber on lift, 
drag, and pitching moment of the plain wing are shown in  f lgure 7. A t  
low Reynolds numbers the l i f t  cumes w e r e  w e l l  rounded near maximum lift, 

- I  



whereas at R-lds numbers of 4,350,000 and higher  the  curves  were . 
characterized by sharp peaks. As mi@t be expected,  increased 
w i t h  increasing Reyno lds  number, the rate of increase  being peatest 
between Reynolds  nurmbers of 3,OOO,OOO and. 4,350,000. 

There  were 110 important  scale  effects on the  pitchlng-manent  curves 
ne= -; in all casea the mment broke in an -table  direction. 

One test was made to  determine the effects of lead3ng-edge roughness 
on the aerodynamic  characteristics  of the model at a Reyno lds  llumber 
of 6,800,000. The results (fig. 7) show that the leadLng-edge roughness 
caused a reduction in & and a decrease in t h e  lift-curve slope in 
the  hi@ lift range. The roughness also caused irregularities in t he  
pitching-moment-coeff  icient c m e  ne8.x maximum .lift. The  reduction 
in C b  was  not so large as that  obtained in simik t e s t s  of 
a 4 2 O  sweptback wing reported Fn reference 12. The W e r  reduction 
In C k  ie believed to be, in part, due to the mailer relative size 
of the  carborundum e~.aFns used for  the  roughness in t h e  present  investi- 
gation. The reasons  for t h e  peculiar  behavior  of  the  pitching-moment 
curve are not apparent. 

The data for the various  stall-control  devices are  presented in 
figures 8 to U. It should be remembered that the slat  was  present in 
t h e  retracted  position f o r  all the tests w i t h  the le- edge droopsd 
(including  zero a n a e  of droop) . The irreeities in profile due 
to the  presence of the slat had  noticeable  effect on maximum lift 
a8 can be seen  from the comparison  with the plain wing  (fig. 8). 
ln evaluating  the  effect of t h e  drooped leading edge,  reference 
should  therefore  be -e to the zero  droop an&e condition and. not 
-to t h e  configuration possessing the  continuous  profile. 

? -  

The previoue remarks do not apply to t h e  leading-edge  flap or 
elat  configurations; the data f o r  these  conditions  should be 
compared  directly  Kith t he  data for the w i n g  without the 
discontinuities. 

. 
Lift Chazacteristics 

In general,  the  effect of the  drooped  leading edge was to shift 
the  lift  curve so as to make the an@ of zero lift more  positive 
(fig. 8)" to increase  the  angle  of  attack  for  maximum 1st. The 
maximum lift  coefficient was increased  approximately 0.11 and was, in 
the main, independent of the angle of droop. 
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Figure 9 shows a canrparison-between the round-nose leadlng-edge 
f l a p  and the leadingedge slat; it also shows the .effect  of two ,spans 
of the l e a w - e t i g e   f l a p .  The addition d. $he 1ead.rng-edge f h p  increased 
t h e  lift-curve  slope an amount a p p r o x h t e u  proportional to the- Fncreaee 
In area caused by the  flap; the sa t ,  on the other hand, had a negligible 
ef fec t  on C h  . W i t h  the lead.in@;+dge f a p  or  slat, the maxbnm lift 
coefficient wa.8 not a very well dejfined parameter in that the U t  
curves near C h  were fa i r ly  well rounded. The effects  of varying 
the span o f . t h e  Leading-edge f l a p  on C h  can be obtained f r o m  figure 16. 
It can  be seen that extension of tha leading-edge f l a p  inboard. from 
the 0.955 atat ion caused a decrease i n  maxFmum lift until the inboard 
end of the f l a p  reached the 0 .&I semispan station;  further  externions 
inboazd, however, produced increases Fn &. The loss in mimum lift 
obtained w i t h  the Bmaller span f laps  is  at t r ibuted t o  premature stalling. 
behind the inboard and of t h e  f l a p  which apparently  counteracts the ' 

increase in lift contributed by the flapped  portion of the wing. 
Although similar premature s w i n g  occurs w i t h  the larger  f laps,  
the increment in lift effected by the Large span f l a p  i s  p a t  emugh 
to produce a n e n n c r e a s e  in maximum lift. Unpublished data indicate 
that the effects  of varying the span of the slat would probably be 
similar to those shown f o r  the leading-edge f l ap .  

" 

b 

L 

Pitching-Moment Characteristics 

The primary function of the stall-control  devices is t o  delay t i p  
staLll.ng and to came the inboard eectiona t o  eta= f i r s t .  This 
presumably would produce a nose-down p i t c m  Oment a t  the stall. 
T ~ U E ,  insofar as the staJ1-control  devices a r e  concerned, the greatest 
Fnterest  centers  about their effect  a wing pitching moments near 
maximum 1st. L I  

With athe drooped leading edge, f o r  all the angles of droop, the 
pi tch ing-meqt  curves- showed a marked but gradual  bestabilizfng  trend 
several degrees prior t o  the stall similar to that for the no-droop 
configuration. A t t h e  s t a l l ,  however, the curve8 broke I i a  stable 
direction  except -in the case of the 4oo droop. ~n general, it might 
be said that the droopeg 1- edge did not d i q l a y  eatiplfactory stall- 
control  quali t ies.  

The leading-edge f l ap  and the slat proved to  be adequate with regard 
t o  s tabi l iz ing the. moment near the s t a l l .  There was no appreciable 
tendency  toward inatability prior t o  the stall Gcep t   fo r  the larger 
span l ad iw-e~e  f l ap .  This destabi l iz ing  effect   for  the o .yo5 f lap ,  b 

a l t h o r n  not 80 mrked as f o r  the drooped leading edge, might be 
considered undesfrable. - s  

. .+ 
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The effects  of  varying the leadlng-edge flap span over a fairly 
wide  range are shown in figure 16(b). It can be seen that f l a p  spans 
between 0.375; and 0.70; provided stable pitching-moment  variations at 
the stall. The pitching mDment at the s t a l l  for the full-span f l q  was 
unstable sirnilas to that  obtained  with  the  plain wfng. 

b b 

D a t a  on a 42O swptback wing of' a~pect ratio 4 (reference 4), 
having an outboard leading-edge slat differing from the present  slat, 
indicated that the  particular  slat  configuration wed WRS not  completely 
satisfactory  as a stall-control  devfce . If t h e  dffference in angle of 
sweep between the present wing a,nd that  of  reference 4 can  be  considered 
of secondary iqortance, the inference may be drawn that  very cmeful 
attention  must be given to the slat-position parameters if %he full 
benefits of t h e  slat are to be realized.. 

c 

S w i n g  Characteristics 

The s t a l l i n g  characteristics of the wing w i t h  the vaxious stall- 
control  devices axe presented in figure 10. 

The drooped leading edge did not produce a satisfactory s t a l l  
pattern. Althoum the origin of t h e  stall was inbcrard (behznn the 

eud.dedy as the angle of attack was increased. 
* inboard end of the droop), the s t a l l  itmlf moved 0utb-a rather 

Comparing  the leading-edge fla,2 and slat  it  can be seen that, in 
general, the origin and progression of ;the etall were very simFlar. I3 
both  cases  the stall originated  behind the i iboard end of the device 
and spread  inboard and outboard. The outward  movement of the stall, 
however, was not so- peat for the slat a8 it wa6 for the flap confi-tion. 
A stall pattern  such  as produced by either the leading-edge flap or 
slat  is believed satisfactory from the standpint of w i n g  longitudinal 
stability  at  or near maximum lift. 

Drag Characteristics 

When t h e  stall-control devices axe used, the drag  characteristics 
are  ~l la inly of  interest at high lift  coefficients.  Figure 8 shows that, 
for  lift  coefficients  above 0.70, the drooped leading edge had very 
little  effect on the drag of the  plain w i n g .  Comparison  of the drag 
curves  for the 0 .50E leading-edge flap and slat (fig. 9) indicates 
that, for all practical purposes, the drag characteristics  of  the two 
'devices are  the  same at hi& 1st coefffcienta. Although the drag was 
less for the drooped leadingedge configuration than either t he  flap  or 
tple slat, the dffferancea Fn drag do not  appear ta be of major imprtame 

2 
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Additional Stall-Control Devices 

Fence.- The stall studles with t h e  leading edge drooped indicated 
that t h e  droop wae effective in disphcing the initial  point  of s t a l l  
inboard  but was not  adequate in  preventing  the seprated region  of flaw 
from  moving  outboard. Ln an effort to prevent thi~ outward ahift, 
aa investigation was made to determine the effects  of e n  upper-surface 
fence. This fence was of  conetaat  height and placed  slightly  outboard 
of the inboard end of the droop. The data f o r  this...configuration are 
shown in figure 8. 

- 

The lift and drag characteristics  of the drooped leading-- 
configuration were not  noticeably  altered by the  addition of the fence; 
the pitching-moment  characteristics near and at the stall, on the other 
hand, were markedly improved. In spite  of a slight  destabilizing  trend 
several. degrees prior to t he  stalling =@e, t h e  general  shape of the 
pitching-moment  curve was such  that the combination  of  droop plus 
fence  might  be  considered  aatisfactory . The fence in combination with 
the droop  apparently  straigzltened the cross flow to  such an extent 
that out-* spread of the sta l led  region was delayed. Warn a compxleon 
of the stall studies  showing t h e  effects of t he  fence on the w i n g  with 
leading edge drooped and neutral  (fig . ll), it CEQ be  seen  that the fence b 

did not materially influence the origin of the s t a l l  but only prevented 
the outward  progression  once  the stall had stazted. The tip s . ta l l ing  
associated  with the &lapped  wing was relatively  unaffected by t h e  * 
addftion  of t h e  fenc J . 

" 

W h w  twist.- Some interest has been shown toward the possibility 
of incorporating w h o u t  in the outer w i n g  panels of Bxeptback win.@ 
as a m e a n s  of e1-t- tip stalling. Shce. the mobel Fn this 
Fnvestigation  could. be equipped with a p l a i n  0.20-chord aileron extending 
over t h e  outboard 50 percent of t h e  w i n g  span ( for  we in a subsequent 
lateral  control  investigation), an opportdtq arose to s-te wing 
W e t  by  deflect- the ailerane. Although afleron  deflection does 
not  exactly  reproduce .the effect 03 twist, it 18. believed that ame 
correlation daes exist for w i n g s  of moderate camber and. thickness. 

Figure 12 &OWB t h e  characteristics of t he  plain wfng ae affected 
by several  aileron  deflections. The data &ow that a definite imgrove- 
ment in t he  wing pitching-moment  characterietics  several degrees prior 
to the s t a l l i n g  w e  was effect& by t h e  20° and 25O up aileron 
deflectiom, but that no improvement at the s t a l l  itself was produced. 
The mgnitude of the twist at hl& angles of attack corresponding t0 
250 up aileron is difficult to estimate. The data of reference 13, however, 
indicate that 200 up aileron on a similar airfoil a m  equivalent to 
about go at low an@es of attack  but & about 3.5' of hist at the erta3-1. 
It would appear, theref ore .that amcsunts o f  twist WOuliL be required 
to effect any appreciable  change in the wing e ~ h g  characteristics. 

- .  
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The previously dfsctmsed data have shown that t i p  stalling was 
eUminated by u8e of the various s"l-control devices and that reasonably 
high  values of mximum Iff t were obtained with either the half -span 
s p l i t  o r  double slotted fla2. Ln the case of the former, the mum 
l i f ts  realized were comparatively low, aad  for the latter, -Ehe wing was 
sti l l  longitudinally unstable a t  k. Consequently, t he  var ious  
high-lif t  and stall-control devices were tested in combination t o  
obtain an indication of the highest maximum lift coefficient  obtainable 
with a stable pitching-moment m i a t i o n  at  the s t a l l .  The data f o r  the 
combinatiom are shown i n  figures 13 to 22. 

Lift   Character is t ics  

Combinations with s p l i t  flaps. - Figure 13 show the data f o r  the 
half-span s p l i t  flap i n  combination with leading-edge flaps of several 
spans. The vaziation of with the epas of the leading-edge flap 
when the half-span  spli t  flaps were deflected is shown in figure 16. 

The leading-edge f l a p  caused  reductions in until the span 
was extended inboard to  about the 0.4 semiepan station.  Extension of 
the f l ap  inboard of t h e  0.4 semispan station produced increases In & 
The action of the f l a p  Fn the presence of the s p l i t  flap was 8- t o  
i ts  action when no trailing-edge f laps  were on the w3ng. 5 e  reductions 
in due t o  the 8hOrt-Epas leading-- flaps, however, were 
considerably larger w i t h  the trailing-edge flaps deflected. 

A comparison of the lift character is t ics   for  three equal-span 
leading-edge devices i e  shown on figure 3.4. Gomqaring figures 8 and 14, 
it i s  evident that the drooped leading-edge combination produced. the 
highest  increments i n  maximum lift. The increments in maxFmum lift 
due to the combinations of l a w -  and traiw-edge devices were 0.38, 
0.31, 0.19, 0.16 f o r  the droop+ leading edge, the  droop plus  fence, 
the leading-edge flap,  and the elat, respectively. 

Combinations mth double s lot ted  f laps .  - Figure 15 shows the effect 
of %wo spans of  the-leading-edge  flap and also comparas t h e  droop, slat, 
and f lap.  The variation of with span of leading-edge f lap is  
shown in figure 16. 

As w a s  true with the s p l i t   f l a p ,  the addition of leading-edge flaps 
I '  

reduced C until the s p a  of the flap was extended  inboard to * about the 0 semispan station. Extension of the f l a p  inboard of that 
station  increased C b  . 

* .  
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Comparing the droop, slat, and f lap ,  it can bs seen that (a) the 
IEIX~~IRU Uft coefficients for the equal span f laps  and slat were 
about the same and (b) thpt the dxooped-leading-edge combination  produced 
the  highest  increments in ma~rirmrm lift  coefficient.  Unlike t h e  split- 
flap  configuratfane,  however, the addttion of the fence to the droop 
configuration  effected a noticeable  increase in maximum lift. 

Although the data are  not  presented, it should  be  mentioned  that 
extending the  slat on the 30° drooped leadin&edge cawed a'reduction 
in maxirmzm lift Bs cornpetred  to the drooped leading edge  without the 
slat  extended. 

at 
a r e  

Pitch"&ioment  Characteristics 

Combinatlane w i t h  split f laps .  - The data indicate that stability 
the stall can b3 obta-in& when a leading-- device and a split flap 
wed together if the span of the leading-edge device is suitably 

chosen. For example, figure8 13 and 16(b) show  that the 0.502 leading- 
edge f lap prduced a nosing-dam moment  at the s t a l l ,  &ereas the 
0.70- flap  canbinatian  caused the pitching-moment-coefficient  curve to 
break in a stable direction at  but in an unstable direction as 

b 

b 
2 

the lift dropped. off Fn the stall. This unstable  break was e-ted 

by a reduction in f lap  span f r o m  0.70B to 0.65;. The data also Fndicate 
that a mlntmm f lap  span exist8 below which  unsatisfactory  Longitudfnal 
stability  characteristics at maximum lift w i l l  result. The cambhatiom 
with 0.375: or 0.25: l ead ing -ae  f-9 di8p-d a ImeiI3g-Up tendency 
at C h  followed by a nosing-down tendency as the lift decreased in 
t h e  stall. This loop was eliminated when the span of t he  lead--edge 
flap was extended. to 0.50:. It is  believed that the leading-edge 
slat would act in R smllar  mnner. 

The slat and  leading-edge f lap conf'igurations  behaved s i m i l a r l y  at 
the stall in that a nosing-down llloment was obtained. The drooped 
leading edge, however, wae not  as  effective as the flap or slat, as 
was indicated  by a marked destabilizing trend several  degreee prior to 
the stall. As in t h e  case of t h e  droop alone, the addition of the fence 
resulted in a pitching-moment c m e  that waa satiafactorg  at t h e  s t a l l  
(fig. 14). 

Combinations with double  slotted  flaps.- For all of t h e  cambinatiorrr 
with double slotted  flaps, a ty-gicd loop ~ n .  the moment curve (fig. 15) 



. 

(fig. 18) show the same type of s ta l l - .  progreesion a8 was ob*ined by the 
Stable  combinations  with  split flaps and indicate  that the Fnitial 
hatability wa8 not cawed by a loss in lift over t h e  outer  portiona 
of  the wing. Two-dFmenelonal data for the airfoil and double-slotted- 
flap  configuration used on the  smject wing show  decided I m t a b i l i t y  at 
the s t a l l .  (See refermce 5 . )  This  inetabili- has also been noted 
on other  double-slotted-flap  airfoil  sections and appears to b e  
characteristic  of  that t n e  of  flap. Thua the  Fnitial s t d l  occurred 
over a portion of the Wfq where  the predominant factor in the w i n g  
pitching  moment was the Fnstabflity of t h e  double-slotted-flap  section. 
A8 t he  angle  of  attack was Increased,  the E ~ R I L  progression wa8 such 
that the mament du6 to the lose in lift  over the inboard  portions of the 
wfng exceeded the unstable moments due to the flap, resulting in the 
nbee-down portion of t h e  loop.  

The effects of v q l n g  the leading-edge f lap  span on the  pitching- 
moment  characteristics of the double-slotted-flap  cambinations 
(fig. 16(b)) are somewhat obscured by the characteristics of the 
double elotted  flaps. The pitching-moment  characteristics are similar 
for all combinations  of  leading-&@  flap and double slot ted flap 
regardless of leading-edge  flap span. 

4 

Drag Characteristics 
L 

In the  high-lift-coefficient  range  there 'were no important  dffferences 
In the drag characteristics of the  various  combination8 with split 
flaps  other than. the lirt -coefficient at whfch the sharp drag  rise 
occurred. The anset  of the dra&rise. is aesociated with a break in the 
lift  curve. 

SFmilar results were obtained f o r  the cambinatione w i t h  double 
. slotted  fhpEi. 

The drag was higher f o r  the  double-slotted-flap  configuration8 than 
for the  split-flap  configurations. In the hi& lfft range (below the 
drag-rise lift coefficient)  the  greater drag of  the  double-slotted-flap 
combinations  does not appar to  be of peat importance from the standpoint 
of relative  sinking  speeds. - In particular, assuming a wing loading 
of 4.0 pounds  psr  square fGt arnd sea-level co&tions, the sfnkfng speeds 
at 0 . m ~  are  about 20 and 22 feet  per  second  for the split- and 
double-slotted-flap  configurations,  respectively. 

S t a l l i n g  Characteristic6 

I '  The stall patterns f o r  t he  several comblnationa are  illustrated 
1 

in figures 17 amd 18. In general, the discussions of the s t a l l  progreasfona 
given in connection nlth the  leading-edge  devices alone apply to the 
combinations  with  trailing-edge flaps. t *  
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Downwaeh and Dynamic -Pressllra Measurements 

In order  to  determine  whether a suitably placed  horizontal tail 
would eliminate  the  unfavorable loop in t h e  pitching-moment  curve for 
the double-slotted-flap  combinations,  downwash  and  dynamic-preeaure 
swveys  were made behimi t he  wing. The particular  camblnatian  used 
was the LeRn-edge  elat plus double slottEfa f l a p .  

A plane  approximately 2.0c behind t h e  0.25E point of -the wing war3 
surveyed; the mea surveyed was from about 0.95 above to 0.3E below 
the chord plane extended  and from 0.13; to 0.375 out from the plane of 
symmetry. The data were  obtained by m e a n s  of the.survey apparatue 
described in detail in reference 14- a r e  preeented Fn figures 19 
and X). T o .  obtain tail-on  pitching-moment  curves, a conetant-chord 
tail of area 0 .I% and aepct ratio 3 aesumed. Average  values of 
downwash and -ic pressure  were  obta-ined w- irite*tin@l- t h e  survey 
d&ta across  the epan of m e  assumed tail. 

b b 

Pitching-mmnt data were coquted for three vertical  locations 
of -the  horizontal tail and are presented in  f igwe 21. The data show 
that, although the W e 0  tail locatio-  .select* for illwt'ration * 
eliminated the loop in t h e  moment curves near maxI&m lift, some 
instability was present. O f  the three.tai1  height8  investigated, it 
appears that the.high  position  offered the most"sati8factory  characterletice. 4 

" 

Scale and Roughness Effect 

In oraer to obtain an indicatton of t h e  effects of scale and 
roughness on a typical  combination, several additional t es ts  on the 
slat and double  -slotted-fLap configwatian  were  =de. The data axe 
preeented in figure 22. . .  

" 

In general, t h e  ecale  effect was very slslflar to that obtained on 
the  plain wiqu; neLximum lift coefficient  increased as t h e  R e y n o l d s  
numbsr was increased, and no important effects  on stability  at & 
wera observed. The effect of roughness wa8 to reduce maximmn lift and 

attack. Unlike t h e  plaineng, no .irregularities in- the pitching- 
moment  curve  occurred. . .  

to  cau.se a. eli@t r o w ! % ?  -9:. t;lhs.ef.t- eve at the hi@ " of 

Spanwise  Position of Centroid. of L i f t  



The v e i a t i o n  af the spanwise posit ion of the centzoid of the 
loading  with lift coefficient for several w i n g  configurations fa presented 
in  figure 23. The cent ro id   aven  in figure 23 i e   t h a t  due t o  the total 
loading, that is, the  basic and addittonal l o w .  The dah show that  
(a) up t o  the s t a U  there W&E a nemgible change h the load. centroid 
f o r  the basic wing with half- span lewng-edge slat, (b 1 def l ed ion  
of the inboard trailing-dge f l a p  moved the centroid i n b o d ,  Etnd 
(c) with f laps  deflected the c e n t r d d  of the load. moved outboard  with 
increasing lift coefficient. These results we in qualitative agreement 
with those elrpected Pram theoretical considerations. 

S m  computatians were mde t o  dete- the dewee of accuracy 
t o  which the spmwise posit ion of the centroid of the low could  be 
calculated. The charts of reference 9 were used t o  dete-e the position 
of the centroid for the plain wing. Agreemeh t  between theory asd 
experiment .-E very good, the theory  predicting ’ = 0.452 and 

exgeriment yielding values varying between p = 0.458 and b& = b . 4 3 .  
b T  

The variation of 
b72 
’ dth cL f o r  the --span trdl ing-edge 

f l ap  w a ~  calculated  for the sp l i t - f lap  condl tian f r a  the following 
equation: 

where 

spanwiae posit ion of centroid  for  additional loacklng w i t h  
mepback taken into account  (reference 9 )  

For  purposes of comgazison, the above equation was used to c w u t e  
the var ia t ion   for  an =wept w i n g  of the ~ame aspect  ratfo and taper rat3 0. 
The calculated curves are &own by the daehed lfnes in figure 23. 

The residte  indicate that., for the given condttion, the apanwise 
variation af the centroid w i t h  lift coefficient w a ~  calculated with 
reasonable accuracy. It should be pointed out that the equation given 
above was based. on the asslmrption that sweep did not af fec t  th5 distzribut ic,n 

the close agreaent between experiment and theory it appears 8 8  if thi 
assumption -was relatively  valid.  

f .  of the basic Uft but ODQ affected the effectiveness of the f l a p .  F r a  

e .  



20 

S U M M A R Y  O F  R E S U L T S  c 

The results of the wind-tunnel investigation of high-lift and. ' 
stall-control  devices on a 37' sxeptback semispan wing of aspect   ra t io  6 
may be summaxized as follows: . . i - . .  . -  

1. The w i n g  with or  without  trail ing-edge  spli t   or double slotted 
f laps  was longitudinally unstable  near maximum l i f t .  due to  t i p  etalling. 

2. The addikion af & ~ 1  outboard half-span leadingedge flap or  
leading-edge slat t o  the @%in w i n g  o r  w i n g  with  Inboard half-span 
s p l i t   f l a p s  eliminated t i p  stall- and resulted in s t ab i l i t y  a t  the 
stall. The drooped leading edge, on the other hand, was o d y  effective 
when used i n  conjunction with an upper-surface  fence. 

* -  

. .  

-3. The cornbination of an outboard  leading-edge  device and inboard 
half -span double s lo t ted  f l a p  r e B u l t e d  in m undesirable loop In the 
pitching-mornent-cue mar maxama lift in sp i t e  of an inbcard s t a l l .  
The loop is a t t r ibu ted  to the section  characterist ics af" the double 
slotted  flap.  Air-flow surveys behind the wing showed that a sui tably  
placed tail would eliminate th3 loop i n  the moment curve. 

4. For  combinatiane wi th   sp l i t  flaps, ,upper and lower limits exi8t 
for   the  span of the leading-edge device between which s t a b i l i t y  at the 
stall can be  obtained; a c r i t i c a l  span af.yle lesding-edge  device was 
found, however, below which reductions in maximm l l f t  resulted. 

. 

5 .  The maximum l i f t  coefficient of the p h F n  wing was about 1.27. 
For  cambinations of an outboard h a m p a n  leading-&@ device with an  
inboard half-epan s p l i t  f l a p  o r  double slatted f lap ,  maximum lift 
coefficienta of-the order of 1.5 and 2.0, respectively, were obtained. 
It is also  indicated that the drooped leadfng edge plus fence 
combination8  with  trail3ng-edge flaps wo-uld. gLve. 3hehLcheet maximum 
l i f t .  - 

- 

. .  .. . 

6 .  ~n Increase in tratling-edge  flap s w  from half to fu l l  span 
did not produce appreciable  .increases in maxFmMl l i f t  when the accompmging 
changes i n  trim were. t G e s  +to  account. . -. . .  . .. . . . . . . . . . 

" .. . " . . ." 

Langley Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautics 

Langley Flsld, Va. 

' t  
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TABLE I .- SUMMARY OF RESULTS OF IRYES!CIGATIUIY OF HIGH LIFT AND 

STALL COHTROL DEVICES ON A 370 SWEPTBACK SEMISPATI WIMf 

Configuration 

orr 1 .500 

I 

I I9‘O 

i 1.42 26.0 

I 

“k 1.41 25.0 

23 
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1 o+---”--c--c t 
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TABlg I .- SUMUARY OF RESULTS OF IlPYESTIGATION OF HIOH LIFT. AliD S T A U  

COPFPROL IlEVrCES OB A 37O SWEPTBAGK SEMISPAX WlaO - ConoluBed 

Conffguration 
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. .  (a) Model mounted in tunnel. 

Figure 3. - Tunnel setup and various stall-control devices on model. 
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(b) Leading-edge slat. 

Figure 3.- Continued. 





( c )  Drooped leadin edge. 

Figure 3.- Continued. 
B 

. .  
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(d) Extensible round-nose leading-edge flap. 

Figure 3. - Concluded. 
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ISACA RM No. L8D29 

~ ~ g u r e  4.- E f f e c t a  or s e v e r a l  t r a i u n g  edge f l a p  configurations on the aarodgnamic 

characteristics or 37" saeptback semlapan ulng. R =6,80o,om. 
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p~gurs  5.- grmt  of f l a p  span on increments i n  l i f t  due to f lap  derlect ion.  R= 6,800,000. 
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F5.gux-e 16.- Effect  of  leading-edge f l a p  spnn on maximum-lift and pltching-moment charnctsrlstica of $ 
37O arsptback aamiapan Wing w i t h  varloua trail ing-sdgs  f lap conflguratlonr. R = 6,800,000. 2 
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mgura 21.- Effects  of a borlaontal   tai l  a t  various loaationa on the pitching moment 

characterist ics  of t h e  37O nweptback asmiapan wing with a l a t  and half-span double 

tilotted f lap .  R =. 6,800,000. 
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